We review the color charge degree of freedom in particle physics.
The quark spin 1/2 and the symmetry SU(2) spin acting on the two states of spin 1/2 were introduced in the model by Feza Gürsey and Luigi Radicati [6] .
They combined SU(2) spin with SU(3) f lavor into a larger SU(6) spin−f lavor symmetry.
This larger symmetry unified the previously known mass formulas for the octet of spin-1/2 baryons and the decuplet of spin-3/2 baryons. Using this SU(6) theory Mirza A.B. Bég, Benjamin W. Lee and Abraham Pais [7] calculated the ratio of the magnetic moments of the proton and neutron to be -3/2, which agrees with experiment to within 3%. However the successful SU(6) theory required that the configuration of the quarks that gave the correct lowlying baryons must be in a symmetric state under permutations. This contradicts the spin-statistics theorem of Wolfgang Pauli [8] , according to which quarks as spin-1/2 particles have Fermi statistics and must be in an antisymmetric state under permutations.
In the same year 1964 Oscar W. Greenberg [1] recognized that this contradic- In addition to the consequences of the parastatistics model, QCD leads to other important results. These include (a) permanent confinement of quarks and color, (b) asymptotic freedom, discovered by David J. Gross [11] , H. David Politzer [12] and Frank Wilczek [11] in 1973, which reconciles the low energy behavior of quarks confined in hadrons with the quasi-free behavior of quarks that interact at high energy and momentum transfer in the parton model, (c) running of coupling constants and high-precision tests of QCD at high energy, and (d) jets in high energy collisions.
Note: References [1] through [12] are primary references. References [13] through [18] are secondary references.
